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Child health interventions were drastically scaled up in the period leading up to 2015 as
countries aimed at meeting the 2015 target of the Millennium Development Goals (MDGs).
MDGs were defined in terms of achieving improvements in average health. Significant
improvements in average child health are documented, but evidence also points to rising
inequality. It is important to investigate factors that drive the increasing disparities in order to
inform the post-2015 development agenda of reducing inequality, as captured in the Sus-
tainable Development Goals (SDGs). We investigated changes in socioeconomic inequality
in stunting and fever in Zambia in 2007 and 2014. Unlike the huge literature that seeks to
quantify the contribution of different determinants on the observed inequality at any given
time, we quantify determinants of changes in inequality.
Methods
Data from the 2007 and 2014 waves of the Zambia Demographic and Health Survey (DHS)
were utilized. Our sample consisted of children aged 0–5 years (n = 5,616 in 2007 and n =
12,714 in 2014). We employed multilevel models to assess the determinants of stunting and
fever, which are two important child health indicators. The concentration index (CI) was
used to measure the magnitude of inequality. Changes in inequality of stunting and fever
were investigated using Oaxaca-type decomposition of the CI. In this approach, the change
in the CI for stunting/fever is decomposed into changes in CI for each determinant and
changes in the effect—measured as an elasticity—of each determinant on stunting/fever.
Results
While average rates of stunting reduced in 2014 socioeconomic inequality in stunting
increased significantly. Inequality in fever incidence also increased significantly, but average
rates of fever did not reduce.
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The increase in the inequality (CI) of determinants accounted for the largest part (42.5%)
of the increase in inequality of stunting, while the increase in the effect of determinants
explained 35% of the increase. The determinants with the greatest total contribution
(change in CI plus change in effect) to the increase in inequality of stunting were mother’s
height and weight, wealth, birth order, facility delivery, duration of breastfeeding, and mater-
nal education.
For fever, almost all (86%) the increase in inequality was accounted for by the increase in
the effect of determinants of fever, while the distribution of determinants mattered less. The
determinants with the greatest total contribution to the increase in inequality of fever were
wealth, maternal education, birth order and breastfeeding duration.
In the multilevel model, we found that the likelihood of a child being stunted or experienc-
ing fever depends on the community in which they live.
Conclusions
To curb the increase in inequality of stunting and fever, policy may focus on improving levels
of, and reducing inequality in, access to facility deliveries, maternal nutrition (which may be
related to maternal weight and height), complementary feeding (for breastfed children),
wealth, maternal education, and child care (related to birth order effects). Improving overall
levels of these determinants contribute to the persistence of inequality if these determinants
are unequally concentrated on the well off to begin with.
Introduction
Socioeconomic inequalities in childhood health have persisted, with children from poor
households experiencing a disproportionately larger burden [1, 2]. This also implies that they
may bear a larger share of later life consequences of childhood ill-health. Apart from increasing
under-5 mortality rates, childhood ill-health negatively affects cognitive abilities, education
attainment, later life income, and adult health [3–6]. This study focusses on two key measures
of childhood ill-health, namely, stunting and fever.
Fever is a broad measure of ill-health which may signal a number of sicknesses, including
malaria and bacterial as well as viral infections [7–9]. In children under the age of 5 years, high
fever may also lead to seizures, brain damage or death [10]. Similarly, stunting is a useful mea-
sure of childhood nutrition and ill-health. It is characterized by children being shorter than
well-nourished kids of the same age and it is a culmination of chronic malnutrition or expo-
sure to other adverse shocks. The adverse shocks may include illness, both in-utero [11] and in
early life [12].
Of particular concern is the fact that fever and stunting, either directly or indirectly, consti-
tutes a large share of childhood morbidity and mortality in low and middle income countries
[13]. Perhaps more concerning is the persistence of inequalities in childhood ill-health [2].
Such inequalities are undesirable for at least two reasons. First, since inequalities in childhood
health are related to inequalities in determinants of health—such as parental socioeconomic
status, and access to health care, clean water, improved housing, neighborhoods etc.—which
are predominately beyond the control of the child, and sometimes even parents themselves, it
is considered unfair for some children to suffer more health challenges than others as a result
of being at the disadvantage in accessing these determinants. Inequalities in child health are
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mostly a result of unequal opportunities in accessing determinants of good health so that such
inequalities may be considered unnatural, avoidable and illegitimate. Avoidable inequalities
are therefore termed inequities.
Second, persistence in inequalities in childhood ill-health is a source of concern on grounds
that disease (whether infectious or not) in some parts of the population may affect the whole
population [14]. On a national level, health inequality may affect economic growth [15]. More-
over, by plunging already poor households into health spending and possible labor income
losses, e.g., due to taking care of sick children, health inequalities may widen income inequali-
ties. Widening income inequalities are not only bad in themselves but they may also be harm-
ful to the health of everyone in society, irrespective of their socioeconomic status [16].
Against this backdrop, reducing inequality has been espoused as one of the goals of the post
2015 development agenda, the Sustainable Development Goals (SDG). This is noteworthy
because inequality was not an explicit goal in the Millennium Development Goals (MDGs),
the predecessor to the SDGs. Despite the fact that policy documents in the MDG period
emphasized the importance of reducing inequality, which they argued was key to achieving the
MDGs on health [17–19], there have been concerns that MDGs were not appropriate goals to
drive the inequality agenda because they mainly focused on improving average health with lit-
tle or no attention on how unequally the gains are distributed [20]. An evaluation of the prog-
ress in child health in the MDG period leading up to 2015 shows that, despite acceleration in
global reductions in under-5 mortality and a steady increase in life saving interventions, sub-
stantial inequalities in these interventions and in child health within and across countries have
persisted [21]. Given the multi-country nature of this evaluation, it remains unclear as to what
factors could have been driving the persistence in inequality despite the substantial increase in
life saving interventions. We use data from Zambia to understand inequalities in childhood ill-
health. Zambia presents a unique opportunity in assessing inequality because of the recently
conducted 2014 Demographic and Health Survey (DHS), a rich nationally representative
household survey.
Zambia experienced sharp increases in a number of child health interventions in the MDG
period [22, 23]. At the same time, child mortality substantially reduced [23, 24]. After remain-
ing stubbornly high in the 1992–2001 period, under-5 mortality rate sharply declined in the
2001–2014 period, from 168 per 1000 live births to 75 per 1000 live births. In the 1992–2001
period, it only reduced from 191 to 168 per 1000 live births [24]. The incidence as well as prev-
alence of key childhood ill-health also declined [24]. Although inequalities in child mortality
and ill-health have been documented [25], it is unclear how these inequalities evolved and
what factors could have been driving these changes in the period leading up to 2015.
This paper uses large nationally representative household survey data from the Zambia
Demographic and Health Survey (DHS) collected in 2007 and 2014 to examine changes in
inequality in stunting and fever. Three objectives are pursued. First, and as a starting point, it
explores the determinants of (factors associated with) stunting as well as fever and examines
whether the community in which the child lives affects their health. Second, the paper investi-
gates the significance of socioeconomic inequality in stunting and fever in 2007 and 2014 as
well as whether or not the magnitude of inequality changed in any significant way over this
period. The concentration index (CI) is used to quantify socioeconomic inequality in these
measures of childhood ill-health.
Third, this paper examines how determinants of fever and stunting may explain changes in
socioeconomic inequality as captured by the change in the CI over the 2007–2014 period. The
change in the CI for stunting/fever is decomposed into the relative contribution of each deter-
minant, which is further broken down into two components: changes in the CI of each deter-
minant and changes in the effect of each determinant on stunting/fever, measured as an
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elasticity. By adding up the percentage contributions of each of the two components, we are
able to look at the change in the CI of stunting/fever that was accounted for by changes in CI
of determinants on one hand and changes in the effect (elasticity) of determinants on the
other hand.
Our study directly relates to studies from Vietnam that attempted to decompose the change
in the concentration index of height for age. These studies found that rising inequality in
height for age between 1990 and 2010 were mainly accounted for by both the increase in
inequality in wealth and its elasticity [26, 27]. The challenge with these studies is that they used
data that does not contain a rich set of health variables. These missing variables may explain a
significant portion of changes in inequality and may also confound the relationship between
wealth and height for age. Other than height for age (or stunting), we are not aware of any
study that has attempted to decompose changes in inequality of fever, as we do in this study.
Our study also relates to a rich literature that decomposes inequality in other dimensions of
child health. As opposed to decomposing changes in inequality, such decompositions are only
able to decompose a single concentration index and are thus not able to explain or quantify
the sources of the observed change in two concentration indices that differ in time or space.
Most studies that conduct decompositions over time have centered on explaining changes in
average health and not changes in inequality [28].
This study also contributes to the literature that explores the effect of key determinants
such as maternal education, wealth, maternal nutrition and other key covariates, on child
health. Despite the fact that our estimates cannot be viewed as causal due to the cross sectional
nature of our data, the rich set of covariates enables us to gain useful insight into the drivers of
childhood ill-health.
In this paper, we say inequality to mean socioeconomic inequality in health as opposed to
total inequality in health.
Data
Data were obtained from the 2007 and the 2014 Demographic and Health Survey (DHS). For
children under the age of 5 years, our final dataset consisted of 5,616 observations in 2007 and
12,714 in 2014. The large difference in the number of observations between the two periods
was due to the fact that the sample size for the 2014 DHS was more than doubled in order to
provide reliable estimates for rural and urban areas within provinces [24].
The DHS uses a two stage sampling design where in the first stage, enumeration areas (clus-
ters) are selected with probability proportional to size. The second stage selects households. In
each household, three questionnaires are administered to eligible members by trained enumer-
ators. The three questionnaires are the household’s, woman’s and man’s questionnaires [24].
Child health information is captured in both the household’s and woman’s questionnaire.
Since, we are interested in children under the age of 5 years, only women who had given birth
within the five-year period preceding the relevant survey year were included. Using mother’s
identification variable, we merged the household and women data files. Children with missing
mother identification variable either due to the mother being absent during the survey or due
to incomplete interview were not included in the analysis.
Fever was measured by asking the mother whether her child had any fever within the two
weeks preceding the survey. On the other hand, stunting was defined as having a height for
age z-score of less than 2 standard deviations of the reference population using the WHO 2006
growth standards. Anthropometric measures (height and weight) were measured by the inter-
viewer during each survey. Using the zscore06 package in Stata [29], we computed height for
age (HAZ) for each child. Consistent with the DHS methodology, HAZ was set to missing if
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height, age, or sex was either missing or out of range. All HAZ scores less than or greater than
6 standard deviation where regarded as out of range and dropped from the analysis.
The wealth index was calculated using principal component analysis and is provided
together with the DHS data. Observations were ranked using the raw wealth index for pur-
poses of computing concentration indices. In the decomposition analysis however, we grouped
observations into quartiles.
Methods
Determinants of stunting and fever
For each survey year and each outcome, we fit a two level random intercept (multilevel) regres-
sion model. The first level is for the individual (child) while the second level is the community
(enumeration area or cluster) where the child lives. The model takes the form:
yijt ¼ ajt þ b
0xijt þ εijt ð1Þ
ajt ¼ dj þ mjt ð2Þ
where yijt is a binary variable equal to one if the outcome (fever or stunting) for child i residing
in community j in year t is true. αjt, is the random effect for community j in year t, with δj
being the time average random effect for community j. xijt is a vector of determinants of yijt
while β is a vector of regression coefficients which show the effect of xijt on yijt. The variable εijt
represents all other individual level determinants of yit that we are not able to observe. It is nor-
mally distributed with mean zero and variance, s2εijt . Similarly, μjt represents all other commu-
nity level unobservable determinants of child i’s outcome. It has mean zero and variance, s2
mjt
.
If variation at the community level, s2
mjt
, is sufficiently small—approaching zero—then multi-
level modelling is not necessary. We test the hypothesis that community level factors are not
important determinants of childhood ill-health by assessing the size and significance of the








This paper does not aim to conduct a full multilevel analysis. Our only interest is to see
whether or not, broadly viewed, the community in which a child lives matters for their health.
As such, no covariates are included at the second level. We are only interested in the ICC and
the coefficients in β.
The above regression model can be estimated using multilevel logistic regression since yijt is
binary. Our interest is to also use the coefficients in β in the decomposition of the concentra-
tion index. However, since logistic regression is nonlinear while the decomposition of the con-
centration index requires linearity, we can either compute partial effects (probabilities) from
the log odds, β, or use the log odds themselves in the decomposition.
Partial effects have the advantage of being easily understood. However, generating them
from the vector β in multilevel logistic regression is complicated. Since we are interested in
partial effects, and for ease of interpretation as well as computation simplicity, we used the
multilevel linear regression which yields direct estimates of partial effects. Linear regression as
a method of modelling binary variables, formally termed linear probability models (LPM), has
seen widespread use in the literature lately and yields partial effects that are not different from
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probit or logistic regression partial effects [30–32]. It has been shown that if interest is not in
prediction but simply the coefficients vector, β, then the LPM is very appropriate [33].
Inequality in stunting and fever
We use the concentration index to quantify the extent of socio-economic inequality in the
prevalence of stunting and incidence of fever in 2007 and 2014. The concentration index sum-
marizes the extent to which good or bad health is dependent on income or wealth and it may
be explained using the concentration curve concept. The concentration curve plots the cumu-
lative share of health (on the y-axis) against the cumulative proportion of the population,
ranked by wealth, from poor to richest (on the x-axis). For example, the concentration curve
may show the cumulative percentage of stunting accruing to the poorest 25% of the popula-
tion. To be complete, suppose that we want to look at inequality in ill-health. If the concentra-
tion curve lies on the 45-degree line, then the cumulative share of ill-health is equally shared
between the rich and the poor and there is no socioeconomic inequality in health. However, if
the concentration curve lies on the left of the 45-degree line, then the poor carry a dispropor-
tionately high share of ill-health.
The standard concentration index is twice the area between the concentration curve and






yijtRijt   1 ð4Þ
where yt is the average rate of fever or stunting in year t. Rijt is the rank of child i’s household
in the wealth distribution, in our case measured by the wealth index from principal component
analysis. The concentration index ranges from -1 to 1. It is zero if there is no socioeconomic
inequality in health, -1 if all the ill-health is borne by the poor, and +1 if the richest have all the
ill-health. It has been shown however that the concentration index may not be bounded
between -1 and +1 if the health variable is binary [34], as it is in our case. This may lead to mis-
leading conclusions. In particular, the bounds of the concentration index for a binary variable
depend on average health and this can cause problems if one is comparing inequalities for two
different areas or time periods that have substantially different average levels. This is important
in our case since we compare inequality between 2007 and 2014.
Two alternative normalizations of the standard CI have been proposed by Wagstaff [34]
and Erreygers [35]. The standard CI is a measure of relative inequality, which is also the
emphasis of the Wagstaff normalization. On the other hand, the Erreygers normalization is an
absolute measure. It has been shown that neither of the two normalizations is superior to the
other but each of them embodies different value judgements [36]. We used the Wagstaff nor-
malization in this paper. The normalization involves dividing the standard concentration





i¼1 yijtRijt   1
ð1   yt Þ
ð5Þ
For each outcome, we computed this index in 2007 and 2014 to assess the extent of inequal-
ity in each year.
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Changes in overall concentration index
For each outcome, y, we computed the change in the concentration index as follows;
DCIy ¼ CIy2014   CIy2007 ð6Þ
The computation of the normalized CI based on Eq 5 and the change in the index as speci-
fied in Eq 6 involves a four stage computation process, which raises the issue of how to appro-
priately compute confidence intervals. In estimating the normalized CI for each year, the first
stage involves the computation of the mean of the outcome and weighted fractional wealth
rank for each year. In the second stage, these estimates are combined to estimate the standard
CI. The third stage involves dividing the standard CI by ð1   yt Þ to obtain the normalized CI.
The change in the concentration index adds a fourth step to these computations; subtracting
the 2007 normalized CI from that of 2014.
Our challenge is that since each estimate in these stages is computed from survey data, it
has uncertainties which have to be taken into account when computing standard errors. Using
analytical standard errors (from the last stage only) would make confidence intervals appear
narrower than they actually are. To guard against this problem, we employ a bootstrap proce-
dure with 1,000 replications. This involves repeating the above four step procedure 1,000
times, each time collecting the estimates, and then using these estimates to compute confi-
dence intervals—which are then called bootstrap confidences intervals.
Decomposing changes in the concentration index
To decompose the changes in the overall concentration index, we make use of the estimated
partial effects of determinants of fever/stunting, β, from Eq 1. The concentration index for out-
come y in year t can then be written as a sum of the weighted concentration indices for all the











where CIkt is the concentration index for determinant k at time t computed as in Eq 5, that is,




is the elasticity of the kth variable
with respect to the health variable yijt at time t and GCεt is the generalized concentration index
for the error term. GCεt is obtained by multiplying the concentration index for the error term
by the mean of the outcome, yt . Thus,
GCεt
yt
, is the concentration index for the error term. At
any given time, t, Eq 7 says that the concentration index of yt can be written as a weighted sum
of the concentration indices of the K determinants plus the concentration index of the unob-
served determinants of yt. The weight for each concentration index of the determinant, CIkt, is
the elasticity of yt with respect to that determinant (note that the elasticity is a nonlinear com-
bination of b̂kt , xkt and yt).
Eq 7 is the most commonly used method of decomposing inequalities in child health.
Clearly this decomposition only allows one to examine the relative contribution of various
determinants in explaining inequality at any given time, but it does not allow one to see which
determinants are driving changes in inequality at any two given periods. To examining the
drivers of changes in the childhood ill-health inequality specified in Eq 6 we apply the Oaxaca
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elasticity of determinant k, ηkt, can change due to changes in any of its component, namely, yt ,
b̂kt , and xkt .
Eq 8 says that changes in the concentration index of health outcome y can be written as a
sum of three components, namely, the weighted sum of the changes in the inequality of the K
determinants, the weighted sum of the changes in the elasticities of y with respect to the K
determinants, and the change in inequality of unobservable determinants. The change in
inequality of each determinant is weighted by the elasticity of y with respect to this determi-
nant in 2014 while the change in elasticity is weighted by the inequality of the determinant in
2007.





tion of the kth determinant to the change in inequality in y, ΔCIy, can be brought about by the
change in the concentration index of the kth determinant, (CIk2014 − CIk2007), or the change in
it’s the elasticity, (ηk2014 − ηk2007), or both. An increase in the concentration index of the kth
determinant in 2014 increases its contribution to inequality. On the other hand, the increase
in its elasticity in 2014—resulting from a change in yt , b̂kt , xkt or any other combination of
these—can also contribute to the increase in inequality of childhood ill-health. For example,
consider a case where the kth determinant is concentrated on the well-off (CIkt > 0) and it has
a protective effect (b̂kt is negative). In this case, a reduction in the prevalence of y, the mean yt ,
will increase inequality in y. Similarly, an increase in the mean of the kth determinant, xkt will
increase inequality. Holding yt and xkt constant, an increase in b̂kt will also increase inequality.
Results
Descriptive statistics
The characteristics of children, mothers and households changed between the years 2007 and
2014. There was a substantial and significant increase in the proportion of children being
delivered at a health facility in 2014 (Table 1). Birthweight was slightly lower in 2014 but the
average duration of breastfeeding remained the same in both periods.
In 2014, mothers’ education levels generally improved with significantly more mothers hav-
ing secondary or higher education. Mothers of children under the age of five were also slightly
larger in size -in term of height and weight- in 2014 and were also slightly older.
Living conditions also changed. The proportion of children coming from rural households
was significantly lower in 2014. Access to improved sources of water increased substantially as
did the proportion with improved toilets, although this increase was not as substantial.
There was no practically significant difference in household size and the number of under-
5 children in the two periods.
Regression results
Clustering within communities. Table 2 shows two level random intercept models for
stunting and fever by survey year. The intra cluster correlation for both stunting and fever are
significantly different from zero implying that there is significant clustering of both stunting
and fever. However, this clustering is higher for fever than it is for stunting.
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Factors associated with stunting. In both years, lower height and lower weight of the
mother was associated with a higher likelihood of stunting, with height exhibiting a particu-
larly strong relationship. High birthweight was also associated with lower likelihood of stunt-
ing in both years, while longer duration of breastfeeding and child being male were associated
with higher likelihood of stunting.
Wealth and higher education level of the mother were associated with lower likelihood of
stunting in 2014 but not in 2007. Similarly, in 2014, children of older mothers were less likely
to be stunted than those with young mothers while children in higher birth order were more
likely to be stunted.
Factors associated with fever. In both years, longer duration of breastfeeding was associ-
ated with higher likelihood of fever. A child whose mother was employed either in the formal
or agricultural sector was more likely to experience fever compared to one whose mother was
unemployed. Children from households that were larger were also more likely to have fever.
Having a large number of children under 5 years in the household was associated with a lower
likelihood of having fever. The likelihood of having fever is also lower the older the child.
As is the case with stunting, wealth and education were significantly associated with fever
in 2014, but did not appear as important in 2007. In particular; any form of mothers’ education
was associated with lower likelihood of fever.
Socioeconomic inequality in childhood ill-health
Zambia had significant socioeconomic inequalities in stunting in both 2007 and 2014
(Table 3). The negative sign of the concentration indices indicates that children from poorer
Table 1. Descriptive statistics.
Variable Mean P-Value (Differences)
2007 (N = 5,61) 2014 (N = 12,714) H0: Mean2007 = Mean2014
Child’s Characteristics
Delivered at facility (%) 46.5 67.7 0.00
Birthweight (grams) 3238.1 3186.9 0.00
Childs age (months) 27.6 28.8 0.00
Duration of Breastfeeding (Months) 15.9 16.0 0.69
Birth Order 3.8 3.8 0.35
Mothers’ Characteristics
No Education (%) 13.7 11.1 0.00
Primary Education (%) 63.7 56.3 0.00
Secondary Education (%) 20.4 29.0 0.00
Higher Education (%) 2.2 3.6 0.00
Height (cm) 157.3 157.6 0.020
Weight (kg) 55.5 56.5 0.00
Age (years) 28.6 28.9 0.00
Employed (%) 59.4 59.1 0.78
Households’ Characteristics
Rural (%) 71.5 66.3 0.00
Improved Water Source (%) 35.7 59.5 0.00
Improved Toilet (%) 17.7 22.5 0.00
Household Size 6.2 6.5 0.00
Number of Children below 5 years 1.99 1.95 0.02
doi:10.1371/journal.pone.0170995.t001
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Table 2. Effect of different factors on the probability of stunting and fever by year.
Stunting Fever
Variable 2007 2014 2007 2014
Wealth Quartile
Quartile 1 (Poorest) Base Base
Quartile 2 0.042 ((-0.023)—(0.106)) -0.032 ((-0.066)—(0.002))* 0.009 ((-0.020)—(0.039)) 0.003 ((-0.019)—(0.024))
Quartile 3 0.031((-0.035)—(0.098)) -0.016 ((-0.053)—(0.021)) 0.006((-0.028)—(0.040)) -0.018 ((-0.043)—(0.006))
Quartile 4 (Least poor) -0.030((-0.114)—(0.053)) -0.042 ((-0.087)—(0.004))* 0.012((-0.038)—(0.063)) -0.034 ((-0.067)—(-0.002))
**
Maternal Education
No Education Base Base Base Base
Primary 0.008((-0.064)—(0.081)) -0.000 ((-0.040)—(0.040)) 0.014((-0.018)—(0.045)) -0.028 ((-0.052)—(-0.003))
**
Secondary -0.016((-0.096)—(0.064)) -0.014 ((-0.058)—(0.031)) -0.002((-0.042)—(0.037)) -0.027 ((-0.057)—(0.002)) *


















Employed -0.020((-0.058)—(0.019)) 0.017((-0.006)—(0.039)) 0.045((-0.023)—(0.067))*** 0.036((0.020)—(0.053))***
Household Characteristics
Rural -0.001((-0.062)—(0.061)) -0.026((-0.057)— (0.005)) -0.006((-0.049)— (0.037)) -0.007((-0.033)— (0.020))
Improved water source -0.000((-0.047)—(0.046)) -0.007((-0.033)— (0.018)) -0.009((-0.037)— (0.019)) -0.015((-0.033)— (0.003))
Improved toilet -0.041((-0.092)—(0.009)) 0.002((-0.025)— (0.028)) -0.009((-0.041)— (0.023)) -0.000((-0.020)— (0.020))
Household Size -0.008((-0.017)—(0.002)) -0.006((-0.011)—(-0.001))
**
0.006((0.001)—(0.012))** 0.007((0.003)—(0.011))***









Born at Facility 0.022((-0.041)—(0.085)) -0.016((-0.060)—(0.029)) -0.014((-0.037)—(0.010)) 0.026((0.008)—(0.044))**























Birth order -0.002((-0.018)— (0.014)) 0.016((-0.006)— (0.025))
***
-0.005((-0.013)— (0.004)) 0.006((-0.001)— (0.012))
Statistics
Intra Cluster Correlation 0.025 ((0.010)—(0.056))
***
0.027((0.017)—(0.042))*** 0.047((0.034)—(0.066))*** 0.060((0.049)—(0.073))***
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households carried a disproportionally higher burden of stunting than their relatively better-
off counterparts. In spite of the reduction in stunting prevalence from 45.6% in 2007 to 40% in
2014, the levels of inequality as measured by the Wagstaff CI significantly increased by about
45%, from -0.093 in 2007 to -0.135 in 2014. The increase in the concentration index implies
that stunting was reduced less among the poor. In fact, a tabulation of stunting levels by wealth
quartiles (not reported) shows that the poorest quartile did not register any change in stunting.
In 2007, there is no evidence of inequality in fever incidence (Table 3). Inequalities how-
ever, emerged in 2014, with a concentration index of -0.064. The incidence of fever also
increased slightly from 18.4% to 21.6%.
Decomposition of changes in concentration index
Explaining changes in the inequality of stunting. The concentration index of stunting
increased by -0.041 (became more pro-poor—i.e., stunting was reduced less among the poor
so that inequalities increased) between 2007 and 2014 (Table 3). This increase in inequality of
stunting was accounted for by both the increase in the CI of determinants (42.5%) and the
increase in the effect of determinants (35%), measured as elasticities (Table 4). The rest of the
increase (22.5%) was due to unexplained factors.
The determinants that contributed most to the increase in inequality of stunting were
mother’s height and weight (37%), being in the two wealthiest quartiles (32%), birth order
(27%), facility delivery (26%), duration of breastfeeding (13%), and higher level of maternal
education (9%). Other factors worked to reduce inequality and hence have negative percentage
contribution to the increase in inequality. But how did the change in CI and effect of each of
these determinants contribute to the increase in inequality of stunting? Table 4 shows that the
CI for height and weight increased (became more pro-rich—heights and weights increased
more for the rich) while at the same time the effect of these determinants on stunting
increased. These two mechanisms reinforced each other to drive inequality in stunting up,
with the increase in the CI having a particularly larger contribution. On the other hand, since
the CI of wealth itself reduced, the contribution of wealth to the increase in inequality (in the
top 2 quartiles) was solely due to the increase in the effect of wealth. The change in the CI of
birth order and the change in the effect of birth order on stunting reinforced each other to
drive inequality up. In particular, the increased effect of birth order on stunting was both a
result of higher birth order becoming more significantly associated with increased likelihood
of stunting in 2014 (Table 2) and a reduction in the prevalence of stunting (Table 3). At the
Table 3. Mean levels and socioeconomic inequality in stunting and fever in 2007 and 2014.
2007 2014 H0: Y2007 = Y2014
Estimate (95% Bootstrap CI) Estimate (95% Bootstrap CI) Bootstrap P-Value**
Prevalence of Stunting
Mean 0.456(0.442–0.471) 0.400(0.389–0.410) 0.000
Concentration Index -0.093((-0.128)—(-0.058)) -0.135((-0.160)—(-0.109)) -0.041(0.051)
Incidence of Fever
Mean 0.184(0.173–0.195) 0.216(0.208–0.225) 0.000
Concentration Index -0.015((-0.057)—(0.027)) -0.064((-0.092)—(-0.036)) -0.049(0.055)
**Note that for the concentration indices, the p-values are in parenthesis
doi:10.1371/journal.pone.0170995.t003
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same time, birth order became more concentrated among the poor implying that the poor
bore a disproportionately larger share of the risk arising from higher birth order.
Since the CI of facility deliveries itself reduced (became less pro-rich—facility deliveries
increased more among the poor), the contribution of facility deliveries to the increase in
inequality of stunting was almost entirely driven by the increase in its effect on stunting.
Despite the reduction in the CI, however, inequality in facility deliveries remained pro-rich
















Quartile 2 0.001 0.009 0.010 -25 -0.000 0.002 0.001 -3
Quartile 3 0.001 -0.007 -0.006 16 0.001 -0.007 -0.006 11
Quartile 4 (Least poor) 0.001 -0.007 -0.007 16 0.001 -0.044 -0.043 88
Maternal Education
No Education
Primary 0.000 0.001 0.001 -3 0.006 0.009 0.015 -30
Secondary 0.000 -0.001 -0.000 0 0.001 -0.013 -0.011 23
Higher 0.000 -0.004 -0.003 9 0.000 -0.005 -0.004 9
Other Maternal
characteristics
Age -0.003 0.002 -0.000 1 -0.005 0.004 -0.001 2
Height -0.009 -0.001 -0.010 25
Weight -0.004 -0.000 -0.005 12
Employed 0.000 -0.004 -0.004 9 0.001 0.002 0.002 -5
Household Characteristics
Rural 0.001 0.011 0.012 -30 0.000 0.000 0.001 -2
Improved water source 0.003 -0.005 -0.002 6 0.009 -0.012 -0.003 5
Improved toilet -0.000 0.010 0.009 -23 0.000 0.003 0.003 -7
Household Size -0.001 0.000 -0.001 2 0.002 0.000 0.002 5
Number of Children below 5
years
0.000 0.004 0.004 -10 -0.001 0.003 0.002 -5
Child Characteristics
Born at Facility 0.003 -0.014 -0.010 26 -0.010 0.030 0.019 -39
Birth Weight (kg) -0.001 0.000 -0.001 3
Male -0.001 -0.000 -0.001 2 0.000 -0.001 -0.001 1
Age -0.000 -0.000 -0.000 1 -0.001 0.000 -0.001 1
Duration of breastfeeding -0.006 0.000 -0.005 13 -0.006 -0.002 -0.008 16
Birth order -0.001 -0.010 -0.011 27 -0.000 -0.011 -0.012 24
Residuals -0.009 24 -0.007 14
Total -0.017 -0.014 -0.041 100 -0.000 -0.042 -0.049 100
Percent of total Δ* 42.5 35 100* 0 86 100*
Table 4 shows the decomposition of the change in CI according to Eq 8 for stunting (first 4 columns) and fever (next 4 columns). The total change is given in
column 3 and 7 of the last but one row. The variables that contributed positively to this increase have a negative quantity in column 3 and 7 (negative
because they made the CI more negative—increased concentration of ill-health on the poor). This translates to a positive percentage change in contribution
to inequality (Column 4 and 8).
*This adds column 1 and 2, the difference is due to residuals.
doi:10.1371/journal.pone.0170995.t004
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(the rich still had higher access to facility deliveries). Hence the increase in the protective effect
of facility deliveries disproportionately benefited the better off. The same can be said about
maternal education; the effect strengthened but this benefit accrued more to the better off
since they had a disproportionately larger share of higher education. The contribution of dura-
tion of breastfeeding to the increase in inequality was entirely due to the inequality effect; lon-
ger periods of breastfeeding becoming more concentrated on the poor.
Explaining changes in the inequality of fever. While both changes in the CI (inequality)
of determinants as well as the effects (elasticity) of determinants were important in explaining
increasing inequality of stunting, almost all (86%) the increase in the inequality of fever inci-
dence was accounted for the change in the effects of determinants (Table 4). The changes in
the CI of determinants, overall, did not explain any increase in the inequality of fever, implying
that the rest of the increase—14%—was accounted for by unexplained/unobserved determi-
nants. The key contributors to the increase in inequality in fever incidence were wealth (99%),
mother’s education (32%), birth order (24%), and duration of breastfeeding (16%). Note that
the overall contribution of all determinants add up to 100% because other determinants
worked to reduce inequality (have negative percentage contribution)
As indicated earlier, the CI for wealth reduced slightly although it remained pro-rich. How-
ever, there was a substantial strengthening of the effect of wealth on fever in 2014, and due to
the highly pro-rich distribution of wealth, most of this benefit accrued to the better off. This
drove inequality in fever up, as did maternal secondary or higher education.
Even if almost all the increase in inequality of fever was accounted for by the increase in the
effect of determinants, some determinants’ contribution were both due to the change in their
effect and their concentration indices. This can be said of birth order whose contribution to
the increase in inequality of fever was due to the two mechanisms reinforcing each other—
higher birth order becoming more concentrated on the poor and a strengthening of effect of
birth order on fever.
Discussion
We investigated determinants of, and socioeconomic inequality in, stunting and fever in Zam-
bia between 2007 and 2014, a period when child health interventions were rapidly scaled up to
meet the 2015 MDG target on child health. We find that although stunting prevalence reduced,
inequality increased. On the other hand, fever incidence did not fall but inequality still
increased. The increase in inequality of stunting and fever implies that the rapid scale up of
child health interventions may not have been successful in reducing childhood disease burden
among the most vulnerable, suggesting the need for policy reform if the goal of reducing
inequality, as captured by the Sustainable Development Goals (SDGs), is to be achieved.
We also find evidence of clustering for both stunting and fever implying that the likelihood
of being stunted or having fever partly depends on the area in which the child lives, which is
particularly apparent for fever. Elsewhere, fever has also been shown to exhibit substantial clus-
tering [37–39], and in many African countries, it is highly associated with malaria and pneu-
monia [40]. Clustering is a form of inequality and implies that some areas suffer higher burden
of childhood ill-health than others.
Our study included a rich set of determinants that potentially explain the likelihood of a child
getting fever or being stunted. We document a very strong association between maternal size
(height and weight) and stunting. The association between maternal height and weight on one
hand and stunting on the other hand may be due to genetic factors or maternal nutritional defi-
ciencies—showing up as low maternal weight and short maternal height. Maternal nutritional
deficiencies may lead to in-utero growth restriction, [41], so that children whose growth was
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restricted end up being stunted. However, while low maternal weight may be directly related to
nutrition during pregnancy which directly impacts on fetal growth, maternal height is related to
nutrition during the mother’s own childhood and only affects fetal growth indirectly through,
for example, smaller sizes of reproductive organ, reduced protein and energy stores, and limited
room for child development in utero [42–44]. Our findings are consistent with a multi-county
randomized trial that included Zambia [45]. Since there is a strong correlation between maternal
height, weight and social economic status, our results imply that previous studies investigating
inequality in stunting that did not control for maternal height and weight may have overesti-
mated the effect of socioeconomic variables such as wealth and education.
In line with the strong and consistent correlation, the decomposition analysis showed that
inequality of maternal height and weight was the biggest driver of the increase in inequality in
stunting over the period 2007–2014. The increase in inequality was mainly due to the fact that
more advantageous heights and weights became more concentrated on wealthier mothers. It is
therefore important to reduce inequality in maternal nutrition, both early in life and during
pregnancy, to halt increases in inequality in stunting.
Another interesting finding relates to birth order. We found that higher birth order was a
risk factor for stunting and fever. These findings are consistent with a number of studies that
have documented a negative association between higher birth order and child health [46–49],
education attainment [50–54] as well as cognitive abilities [55]. Debate on the exact mecha-
nism through which higher birth order is a risk factor for most outcomes seems to be polarized
with others indicating that the cause is biological and others indicating that it is confounded
by family size, a variable we control for in our set-up. Yet others have pointed to the social
interaction mechanism where children born later receive less favorable social interactions.
Consensus seems to have emerged that the social interaction mechanism is the cause of the
observed association [55, 56]. We have documented that birth order contributed to the
increase in inequality of both stunting and fever as higher birth orders became even more con-
centrated among the poor. If the social interaction hypothesis is true, it may be beneficial to
use routine health programs to emphasize the importance of child care for children of higher
birth orders.
We also document a consistent correlation between duration of breastfeeding and child-
hood ill-health where possible confounders, including wealth, are adjusted for. In results not
reported, this correlation was generally maintained in all households after stratifying by wealth
quartile. There is mixed evidence on the effect of breastfeeding duration on child health. A
number of studies find a positive correlation between duration of breastfeeding and poor
growth [57–62] while others do not. It is generally held that this positive correlation is due to
two possible mechanisms. First is the case of reverse causality were children who are in poor
health to begin with are breastfed for longer. We cannot rule out this possibility since we are
using cross sectional data. Note however that the relationship between breastfeeding duration
and childhood ill-health in our set up is not likely to be driven by differences in wealth, mater-
nal education, maternal nutrition, maternal age, child’s birthweight, etcetera, because we con-
trol for these possible confounders in the regression analysis. Second, there is possibility that
sufficient complementary food is not provided to meet energy and nutritional demands of the
child [63]. The insufficient feeding argument seems compelling given that longer breastfeeding
duration, while possibly having other benefits, may not be helpful for child growth without
sufficient complementary feeding [64–66]. Proteins, necessary for growth, may become defi-
cient if there is laxity in providing adequate complementary food and more emphasis is placed
on breastfeeding [65]. If we are comparing children of the same birthweight, age, sex and com-
ing from equally wealthy households, then laxity in providing complementary feeding may
explain the observed relationship.
Explaining changes in child health inequality: The case of Zambia
PLOS ONE | DOI:10.1371/journal.pone.0170995 February 7, 2017 14 / 21
Although longer breastfeeding duration was a risk in all wealth quartiles, poorer households
breastfed longer than their well off counterparts. The concentration of longer breastfeeding
duration on poorer households contributed to the increase in inequality of childhood illness.
One should however, interpret these results with caution because breastfeeding in itself has
been shown to have other beneficial effects [67]. Perhaps what comes out from this finding is
that programs should emphasize sufficient complementary finding even with longer breast-
feeding to ensure sufficient protein and energy intake. It has been shown that even if children
from low income countries, in general, start at the same average height for age as the reference
population, there is rapid faltering of growth in the first 2 years of life [68, 69]. This faltering
may suggest inadequate quality and quantity of complementary foods. However, disease may
also explain this poor growth given a complex interaction between malnutrition and disease.
Facility deliveries may be an important entry point for feeding counselling and support
interventions. This assertion is supported by evidence from Uganda were being delivered at a
facility was associated with better child feeding practices and nutritional status of children
[70]. We find that the increase in the effect of facility deliveries (in terms of elasticity) contrib-
uted to the increase in inequality of stunting (driven by the increase in mean level of facility
deliveries, reduction in mean stunting and improvement in the association between facility
delivery and stunting). However, increases in facility deliveries mainly benefited the well off
more because they were unequally concentrated on the well off to begin with. Thus, the
increased effect also contributed to the increase in the inequality of stunting.
The question emerges, how can policy halt the increasing socioeconomic inequalities in
stunting prevalence and fever incidence?
One possible option would be to reduce, and possibly eliminate, the effect of determinants
that increase the risk of stunting and fever. This can be done in three ways, as can be seen
when the elasticity formula is unpacked (we discussed this mechanism in the last part of the
methods section). First, the average level of determinants that are risk factors for child health
can be reduced. Second, the association (marginal effect) between (of) the determinant and
(on) child health can be eliminated. For example, in the case of birth order, routine health edu-
cation programs may emphasize the importance of giving as much attention to children of
higher birth order as those of lower birth order. This may diminish the association and thus
reduce inequality. Third, and lastly, the incidence or prevalence of the relevant childhood ill-
health can be reduced.
The other option would be to reduce inequality (concentration indices) in (of) determi-
nants such as wealth, education, maternal nutrition, etcetera, which are protective for child
health. These determinants are unequally concentrated on the well off and reducing their
inequality may be beyond the scope of health interventions. It is important to realize that
health interventions can mainly affect the effect, in terms of elasticity, of these determinants
on child health but not their distribution. For example, since more educated mothers are likely
to understand and follow health instructions better, health interventions such as infant and
child feeding, breastfeeding counselling, etc., may increase the association between maternal
education and stunting but are not able to reduce inequality in education. The same can be
said about wealth. Therefore, it is easy to see why, despite the rapid increase in child health
intervention coverage (such as infant and child feeding counselling and support) and the
accompanying increase in the effects of determinants, inequality in childhood-ill-health still
increased. The dichotomy is that increasing the effect of determinants with protective effects,
which is a good thing in general, worsens inequality if these determinants are disproportion-
ately concentrated on the rich in the first place. This is an example of the classical equity-effi-
ciency trade off. Despite the persistence of inequality, other studies have documented
substantial improvements in other measures of child health, such as under-five mortality [24,
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71]. Our findings suggest that one of the reasons for the persistent inequalities is that health
improvements disproportionately benefit the well off because the determinants of childhood
good health such as access to health facilities, which health and other interventions seek to
improve, are unequally concentrated on the well-off, to begin with.
Our study has limitations and due caution must be excised when interpreting the findings.
It must be noted that no community level covariates were included at the second stage of the
multilevel model. This raises a possibility of confounding if the omitted community level
covariates are correlated with both childhood ill health (stunting or fever) and any included
individual or household level variable. Moreover, being based on cross-sectional data, our
results cannot be viewed as causal.
It is worth mentioning, however, that the data we have used, the Demographic and Health
Survey (DHS) presents both limitations and strengths for inequality analyses. It is a limitation
because DHS relies on wealth indices and does not contain finer measures of household living
standards, such as consumption or income. Income or consumption has the advantage of
being able to be objectively measured and compared across different places or surveys with
less difficulty. Wealth indices may be problematic if one is comparing two populations (e.g
rural with urban or population in 1970 with population in 2014) as the type of assets and their
valuation may differ across populations and time. Although some methods on how to make
wealth indices collected in two different populations or two different points of time have been
proposed [72], they are, at best, imperfect. To reduce this comparability problem, analyses,
and concentration indices were calculated separately for each year.
Using the DHS is also a strength of our study. This is because it contains a rich set of health
variables. As an alternative, we could have followed studies from Vietnam and used data from
the Living Conditions Measurement Surveys(LCMS)which have information on income, con-
sumption and anthropometric measurements. However, the LCMS does not contain a rich set
of health variables, as does the DHS, and this can potentially confound the relationship
between key socioeconomic variables and child health. It also does not contain other child
health outcomes such as fever.
Conclusion
Childhood ill-health has serious consequences. Apart from increasing under-5 mortality rates,
it negatively affects cognitive abilities, education attainment, later life income, and adult health.
However, children in low socioeconomic background bear a significantly larger share of child-
hood ill-health implying that they will continue to shoulder a larger share of these adverse con-
sequences. This raises ethical issues. Why should children from poor backgrounds experience
more ill-health when the determinants of ill-health are beyond their control, and to a large
extent beyond the control of their parents. How can such inequalities be justified when they
are hugely generated by inequality of opportunities to determinants of good health, such as
education and health care? Against this backdrop, reducing inequality constitutes one of the
most important development goals and is now part of the post 2015 development agenda, the
Sustainable Development Goals (SDG), the successor to the Millennium Development Goals
(MDG). To derive lessons for the post 2015 agenda of designing interventions that are effective
in improving overall child health and reducing inequality, it is important go beyond asking
whether or not inequalities increased by undertaking an in-depth analysis of the forces that
drive inequality.
We examined the determinants of stunting and fever using the 2007 and 2014 Zambia DHS
data to explore the existence of socioeconomic inequalities in childhood ill-health indicators,
and whether this inequality changed over the period. Most importantly, we quantified how
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changes in inequality of determinants and the changes in elasticity of stunting and fever with
respect to their determinants could have contributed to the change in inequality between 2007
and 2014.
While the prevalence of stunting reduced substantially, inequality increased between 2007
and 2014. In fact, inequalities were worsened by the fact that the prevalence of stunting was
reduced in all quartiles, except the poorest. This increase in inequality was largely a result of
the increase in the inequality of factors that are associated with stunting. These factors include
maternal height and weight, wealth, birth order, breastfeeding duration, facility deliveries and
maternal education. Although the responsive of stunting to most of these factors, e.g. facility
deliveries, increased in 2014, this benefit mostly accrued to the better off because the factors
remained concentrated on the better off. As a consequence, the improved responsiveness of
stunting to its determinants also contributed to the increase in inequality.
Regarding fever, almost all the increase in the inequality was account for by the increase in
the responsiveness of the disease to the factors that determine it. By far the biggest driver of
this change was wealth, then maternal education, birth order and breastfeeding duration.
The key message in this study is that halting the increase in the inequality in childhood ill-
health depends heavily on reducing inequality in the factors that affect childhood ill-health
while at the same time improving the impact (elasticity) of these factors using both health and
non-health interventions. It is important to note that although improving impact of factors
that affect child health is desirable, this in itself can be a source of increase in inequality if the
factors whose impact are being improved are unequally concentrated on the better off to begin
with.
Halting the increase in child health inequality is dependent on reducing inequality in the
factors associated with child health. These include wealth, maternal education, appropriate
feeding and weaning (related to breastfeeding duration effects), adequate care giving (related
to birth order effects) and maternal nutrition (related to maternal height and weight). We
believe that a more sustainable way of doing this is to ensure equality of opportunities in
access to these factors among children from different socioeconomic backgrounds—who are
future parents. This may call for policies that delink the dependence of child health on paren-
tal circumstances and the community they live. Specifically, group specific interventions
aimed at the most vulnerable may need to be implemented along with population level inter-
ventions. For example, under the current social cash transfer scheme in Zambia, policy may
aim at providing more cash benefits to the poorest households who have children under the
age of five years. Poor households may also have special educational needs. For example,
children from poor backgrounds may have challenges learning and concentrating even when
given access to school due to persistent hunger. Child school feeding programs may help in
improving attendance among poor children and also reducing inequality in learning and
concentration.
Moreover, despite the fact that all households require appropriate breastfeeding and wean-
ing educational interventions—due to the observed association between duration of breast-
feeding and child health—poorer households may require special interventions since they
have disproportionately longer breastfeeding durations. In general, the propensity to breast-
feed longer may be due to lack of appropriate food or knowledge on how to use existing tradi-
tional food stuffs. Thus, policy may focus on introducing and scaling up complementary
feeding and nutritional programs among poor households. Additionally, since the community
in which a child lives matters for child health, policy may also focus on improving living condi-
tions in disadvantaged communities, e.g. sanitation facilities, water, child care centers, etc. The
implementation of such group specific intervention may enhance equality of opportunity and
halt the increase in child health inequality.
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